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<uLl5>UI jÜJLQjlU Jl CÜJIJUC 4 j£jIj 


3 cLjiâJI ^ oSjBj ol L> 

JL 2 düuujJI cLcuSÜI 


£ 

çbüj Lj^JLSJI vjl^jûol jlûL>l o* 


prof 

Bensad salaheddine 


? v -*^ 1 O L^jÛO^J I jlûL^I fljUULQj JJMÛX lÂjlS* _^S) Lj^JlSJ! vilLuÜ QjO 4jülgjJI fljuuuj I ^jfS JüuoJLïU V- jJUÜ Luü^I I ^1 {j\£ IjI 
vS-^J! 3 IÀ5) jjSoXj lax9 \JDjSL Jl 1-XgJ 9 ûJlCLuuu kJl&$5) LüJ^^juuuo ^^^juuLuüI cj 3 S) vS-ÂJI Llo5) 

. Lgj Lgfjuu 1 JüuoJLJ I [ 9 JI 4juuüLuü^II JâAjJI 
















a c 

JL 2 4ûall cLuSJI 3 cLjjlûJI ^ j^st# oI Lo 


<uSuû ISouO d^gjO j LuUÛkî I . I 

Oij-oJ <33 lo -bbuu3 <^t^ Û^juUü j LuULu I Ôj-5) lb ,^5) !4 aSsjÜ ISouoJI <U>_9 jûJI 
J(QjuU_ 9 .bdj gjuOL> JülS2j O.A> j^jjü ISLsJ I 3 I 03^ û^juüüJ I ^^jjüLûjJ J IjQj idjJlj^jûoJI <2U5 sju ISsjuûJ I CO>j^joJ1 

gjJuoJI àSj> ^jjüLQj jlüuüü^l 

03 I 0 JI û 3-> d9lkdl J liai :<u> 5 a)I 

ÔJ>_9^oJ I jLuuüül O bol ^jjüLûJ ^jfS <33LoJI -kXjuü^J I btûJ lgx9 Jjigj idjJ^JbJI ÔJ>9joJ1 

d3>3xxJ I j Lajuüü I ûbo 1 jjlc L 33.0e 33 LoJ I Jûjuu^J I \osù lgx 9 ! QjulÆjSz }I <U>^joJI 

SM c • 

dejjuU V £0 T = v2ajC> T^^jJuoJ b JlS2jS gfiuoJI d5j^> jLujüu^! bjuü3 (J/jO M dbdj 3 jl£j ^^^JuOjJI J>UI 

jLuUÜÜ^H 

CUÂjOjJI ÛJuoJI t3 I o9j»b {JJD dC()lOflAJI iSLüUUoJI d v!aJL> V = - ! CUSbkî ISsJüO <C>9 jO jLuUÜül deJJUÜ 

dS^s^LuuuoJ I 




j 3-> T 3 d>5odl 33jj‘ Af 3 dj>30j| J3.J0 À ùuû> V — — — ÀN !àjj33 cuSLûlSLuo <g> 3 jo jLuuüül de jjuu • 

d>5xJI 

jLuüûü^H JOjuü 5 ijjO ^jjûikXQj j> dîjlûjO • 

j 3kdl ^9 ^1^' ^le N 3M MN = kÀ 
j 3Joli ^ ûljïjï N3M MN = kX + £ 

a ~ À 3 igûoje <boî9 <\j lj^b> k_9jL züj LoJuie <u^jû1^juo d^30 jLuuüüI obol jjslù !<uSoû15Luo d<30 33*^ * 

l5)33jjû d>3joJI £jjuU 3jl 9 bjuü3 3 ^ 13JLajoJ I Jûjuü^JI • 

4jj£j& à^JjjO j Luuüiî I .11 

C ~ 3.10^77i/5 çJjdJI ^jfS dJ^nJI ob>3AÜI jLiüîl dejjuü • 

d^>3°^l j 33 T 3 d^>3/JI 33jj Af 3 <*>3^I J3b À V = À. N = ~ du3*o <1^30 jLuuüül dejjuu • 

c 

Jojuü 3 ^9 <b> 3 AJI dCjjuü V vlUx^ Tl — — k _9 làjuu Ixjuü^J jLuaij^)| JjoLs^o • 

À = — n oj LuSj I ^Jj 0 Ls^jo Jojuj 3 À ôj>_ 9 ^oJ I J 3-b ^je dj^LcxJI ^Luj3^I <^^9 • 

jjsuo [gûoje d3o9 vS3 3^^ l^3^3 3ie dju3 j ^JI d3>3 j °J I jLuuüül o bol jjLgjû 03^^ dj^L^I d<3^° 33^^ * 

À L ■■ c 

0 = - = — d9^laJL dolbLo daio J 3 I 3 dl^LoJI djji'jjoJI dadJI ji'jjo qju v 53 ljJI 0 3 JlX» 

CL Z U 

2 /[D 

L — ÂS^LsJLi ÎLi^^joJI A. 9 - Q . J I 1 ÿO >-0 L ^a Æ j 

A = r + r' 3 D = i + i' — A3 n. sinr' = sin i' 3 sini = nsinr j^^aJU ojjlouoJI ols^UJI • 

^cls^>)l -NI 

6 I_ 9 j .oLsjjI gjO Ijljüijuül jj&l ÛjJ^jùo OXiZp ^jJJ cjsZjujjQ ÛJü^J {j&j Jl l _y9 <*jSüjX) ji£- OXfij ,_ ? CLsjuü -< JoL juUÜ.)I * 

+i e 03>^J3< 3 Î-i e ù3>^l3Î 2 ^ e r°3+WI 
AiJ^Lsix) v53>i J^>j' (Z3 A JôLâ^ol ) vSJ^juü Ù3jl9* 

Z\ + Z 2 = Z 3 + Z 4 djjLj^SÜI diJOuuJI 

A.*l + ^2 = ^3 + ^4 0 I 3 .J 3 JI 33e 

a ^eL^jûj>ll j^>LjâjuJI • 


Ai y 1 ^ 2 v 

Z X A 1 + Z 2 A 2 


A3 y 1 ^4 v 
Z 3 A 3 + Z 4 A 4 


-» izÎY + \He 








a c 

L 2 cUjuJ! cLoaSJI 3 cLjjLÔJI ^9 <k$jszj ol . ^p-ûj Lo 


-» z+ iK + _?e 0-^L^yi JoLiûJI» 

zX -> z-i^ + ?e +?e £ + ^la^l bUJI • 

^ “F y 0 I 3 JI qI-x. o - 9 ^jùiî o_ w *S’ dsllo oli oij^^ ol^ijl y JoLiûJl* 

a+omaJI cLLcSJI m(t) = m 0 . e _At cuiaioJI .>.xc JV(t) = N 0 . e~ Àt ^asLJI o^ls* 

aüflioJI cÜiSJI m'(t) = m 0 (l — e~ Àt ) «üxàLcJI vS^JI ne JV'(t) = N 0 ( 1 — e _At )* 


c|<?..iolI ol^jJJ <ÎjüIj' iSUXujj T = — • 

A 


N 


cuL^\l| <33^ lÂ*^ü CajlûjJ <Xjjjûji\ OJuoJI lAa^jJI jjûlC tl — — ~ 


<uL^ I 6 I 3 J oLuoLuoLo O LülÂj <X>j Li vS^JiJI <JjO ^5) àsjuu/J I oJLu^LûJ I • 

iÜàMjUL 4 jL£ j-fSLi a(t) <Ü « Ch 0 --^^ OJl>3 ^3 <XxxSl} <\Lo bd I O tjüiibJ i 3 JlC ^5) c^52juüjO 4jul£ b> LuUU • 

a 0 = ÀN 0 g/> a(t) = a 0 e~ Àt 3 Î a(t) = ÀN(t ) 3 Î a = 


ÛjIjJ âJL> ^9 ÔJJ3L0JI 0I9JI CJIS* 131 Y ^Ls2jlü^)I O l^ju L <Xj£^<jÆlû <XÀj LuaJ i O Uiûjj ! 03^ üï • 

^^0^ 3JlC PI N ^Tlti^ = vjl O-fu £ = H. £jy v!ajl> ^^oLc <XSUÆü • 

Ü9lkdl3 âJbcSÜI 3 vS^JI-IV 

Am = [Zmp + (i4 — Z)m n — m(|Z)] âiMjJL» <uc j^. 0 I 3 J Am : Jb&JI u &àA\ • 

£*! = [Zm P + (A- Z)m n - m(fZ)]C 2 E t bbjJI *9lk> • 

£ = ^ kbjJI iëlb • 

333 ; J 3 >J <L9 LkJI iJLun>JI • 

A£ = [E t {X 1 ) + £*(X 2 )] - [*i(X 3 ) + *i(X 4 )] 


A£ = [m(X 3 ) + m(Jf 4 )] - [mCXO + m(X 2 )]. C 2 


i^Joai 1 .V 


^ — C’U(j LiîS^JI ^Jajjjo jj^jJli làaS^xxJ I • 

i = -^ = c.^ JaiijûuuLoJI ^3 ^Lj^SüljLdL LÂiSlxJI ôJl>juü • 

i = — ^ = — c.^ jJj^oJI ^kuz>\ ^jfS ^jLj^SüljLdL uiiSl/xJI às)A Le • 


OJLCLs ÔjUjJ /?C SjJsüÜI JVjLj ^Ubüju a i • 

Ll>JjJÜ ^ûiSuoJI fjS^LJuJU 3 ^Lülj ^JVJOouüJ t = RCcjuû> 0 < t < 5 t v^LttijVI yoLkuJI» 

v- Q -a ^ i-oJI ^_svJqjjjO [jjJ ^LuujlâJIj cuL j LàJI ^Ü^UzjoJI * 



i^c(t) + RC 


dUç(t) 

dt 


= E 


\ coJLolàjJI cUilaoJI J^>- # 

t 

U = E(^l — 0 t ) jJqjJJ ^LljlajuJ U 

t 

C[(X) — CE(^1 — 0 c L^juuuJIj 

E —- 

/q = — = /q0 t ) i^_ssj UI jLûJ I cU-ajUuJIj 

t(t) = 0 3 l/ c (t) = E t > 5r /JIjJI ^olkJI 
























































































a c 

JL 2 4 ûall cLuSJI 3 cLjjlûJI ^ j^st# oI Lo 



G,37£ 


-Q —< t < — Si- 


àj j\j jj$j àjjjJ RC ihJslaJI ijotu Qjbaüujl • 

^-qJlSu d J 1 »^_svJûjjjo jjQjJJ c LcjuuuJIj qJL^LaJI cU^LsloJI 

U c (t) + RC ^ = 0 

! cuJLolûiJI cJ^LaoJI Jj> 

t 

Uq(X) = Ee t jjqjJJ ^uljuüüJ U 

t 

q(t ) = CEe t cu^j^jlJLI clhuuuJU 

E ^ 

Iq = — çjo i(t) = —/ 0 e t jLûJI c l^juuuJIj 

A .. «*< 

/(t)0 f/ c (0) = 0 .fiJljJI .oUûJI ^ 


J lgjJc>3 E c — ~CU^ = - = -^ 7 - <49 Ib OiiSuoJI üjjO*j eûjiSLoJI ^9 àj3j.^oJI à9lkdl • 

RL vJûüJI ^Lï.VI 

^AajüJ sJÜ ^ ju uüüJ U Ûjjl9 • 

t/ L = r. i + L — ! ^La-juü 3 -II I ^ 

v_svj 03 I l Ju»^ 3 j ® s ^ <wSju^Liu I U]^ — F. i Col ~ = 0 ois / = Cté? GuL jLüJ t ^O_AjuuJL j ^ 



OJLCLs ÔjUjJ RL V_aJsüÜI J\jLj ^übüjuül 

0 < t < 5r v_sJL qjo\JI /jILlJI ✓ 


L 

T = — 

Rj 1 


<CsLoj Ü 3 jis (j^jJaJü cuJL^lÂJI ëtbl&oJI ^ 

j f i ^ di(t ) E 

^ + ~Rj~dt~ — 

:cuJjüJI jLocIj cuJL^L&jJI 4bl&oJI ^ 


* (t) = ^ 1_e_ï ) 


ï’trmY 


Rf 


t > 5t 


^oJljJI ^oüâjJI ✓ 



L 

T = — 
Rj 


CÜjb Jj$j ÔjfJ >J /?! V-JsuÜI J\jLj ^büjuül • 
> 0 < t < 5r iSnjIajj^JI ,plbuJI ^ 


oI^j^jJI cusLol ü 3 jls ^juJoju cuJL^IâJI oJ^IaaJI 

i «+t : f 2 = o 

!jcO cluJuJI Jo3^_jujJI jLûlcU OjJL^IàJI cü^IaoJI ^ 

i( Ü = T T e ~' 

i = 0 t > 5 t /jJIjJI /jlkJI ✓ 

E m — — Li^ ^fijuûü 3 JI I 49LbJI • 





































































































































































































































a c 

JL 2 «JuuüJi cluOuSJI cLjjLÔJI , <K$jS2j ûI .pÆjuu Lo 


RLC ôjIjJI ^ ojjsJI oLjüjüJI .VII 

(r=0) àJLuO 42 juÛü 3 CfljiSLo gjj-Qj • 

f/ c (t) = U m cos(^t + <p) l*l> ^r + ï^ u c = 0 <wJL 4JL5IÜJI ôblsboJI ✓ 

q(t) = Q m cos (jjjt + <p) l«l> ^ + ï^ = 0 ✓ 

N 0 = — u o\>i\ to 0 = — ^bJI { Jojû}\ Tq = 2tt\LC ^bül j3jJI 

T 0 T 0 



( ÎLg^IaaJI <Ü 2 juÛü 3 gjjJîj • 



jj^jJ ^xjuuuJL àJL^loJI àbla/JI ^ 

d i^ jüülH O jl JUüÜL J L 


fiUtü R — Rç <jSjl 9 ^Llôj R <jsj 3 -^ (oliôj ^JLc FR 

4fiJlsJI jj^jj OjIjJI 33 Jj jJc ^ 0 <xiOjJj\$J oL Jü jüJ I <A.jluZ 2 j fi^Âj \Sj3^ ^^jJLc J^l <JjO 

RLC ÔjIjJI CL03LL0 RK = Rôu>U = Ki àJUI 
E x = ^CUc + ^Li 2 ÔjIjJI ^ iyjxoJUslkdl 
( j £ vy ^L>) ÂJI 3 L 0 JI RLC ÔjIjJI ,^^9 «LjjuulûJI oLjüjüJI .VIII 


«Ljjuul 9 oLjüjüJI oï J_ 9 -oj N J3jjû vyjjjuJI RLCojIjJI JJ 30 JI p&jj. 


z = Ujn = Ue z ô ^|jJ| ÀA3L0UD 

* m L 


w 2 TI T • 

j 3 jJ I T 3 _m 9 ^ 1 3 j l^ÿJ I û juuu jjju ^^jJuojJ I j^> LJ 1 35 ) x CsjP* (p = ^ J 3 JLJ I ^Jjj9 

Z — R 3 ^ 0^9 jLdü iÜlsiJI ûjüuuJI jl>L‘ vi>jL> (Af — A/q — - — 3 JLC ^jjujJI ûj^)Uô üaxi 

/ e > -J= <ôu> [A^; N 2 ] objjJI JLxo 30) 3 dB olj ojjjouoJI aiüajuoJI 

OjjjûuoJ I ÇÜ?-bjuoJI { JOj£- AN fLO Q = ÛJ3JJI ,JjO Ls2jO 
















































a c 

JL 2 4ûall cLuSJI 3 cLjjlûJI ^ j^t# oI ^gjJü Lo 


P = U e .I e coscp oi^bdL aJojuu^LoJI ûjJlqJI • 

gjuü^J I I^jü 0 üûûj 3 I Jj 4 juukJüJ£lÂS 2 jOI OL>JJjqJ I. IX 

djjuJuüO ôj IJu Jaüjjo Igï-X^o i ob >>0 akïjuj|_ 9 j îLo^Ls&oJI Jüj t ojJ 

U M (t) = k(S(t) + U 0 )P(t) *L»l&oJI ojIjJUS^^I jùc • 

U M max(t ) = k Pmax■ U 0 [^f COs( 2 nN s t) + l] oliaxJI _^iJI £juü$ • 

ôjLîl>ll &juU_9 ^TYICLX Û^jOÛluJUoJ I £/q T71 = — (jjuOu ^ul I âjjuuj ® 

^Mmin^^Mmln Uq 

^JjOuüCtoJ I (3_9^ I gjULl^J I UMjyiîyi (jjOuùCboJ I _juï_gjdü I g-iqj_gj I U ;V/ 1)1 (IX 3 I pSCÜ l _yjJ I 

V><v. Ajû> ûjlOuÜï • 

m < 1 ^ 
Fp»F s ✓ 


^juOuûQjJI àJljl Jû> 3 jjüj * 



FgII = \vl + v y 2 + V| /xitüjxil V^=V X Î+ V y j + V z k ) => < 


dx 

V x = — = x 

x dt 

Vy = ^ = ÿ iCjauJI <XQ>ÏO 

-, dz 

V, = — = z 

z dt 

dV x 


||a G || = la| + a^ + a| ,oiaxoJI a G = a x i + a y j + a z k => < 


a x = — = x 

x dt 
dV, 


a y = — 1 = ÿ £jLudl i£%io • 


y dt 

dV z 

a z = — = Z 
z dt 


tt n — ~ 3 — “|“ CIq — a T + cl n ^jujS jûJLsjO ^3 £jLuiüJI d^^ôûo olyl-X>l 


de J LuüjuO iSj^JI vSl &G m Vg ^ 0 

ilblfLo cSj>]\ vSl â^. V G < 0 


_> _> _♦ _* f Vr = 0 

IF„, = 0 = l' c =c(c c _ 

(V G = cte =é 0 

dîV 


ZFext = m—ma ( ; 


F k/ = —Fb/ 

/b /a 


j a £ji£lfiJI IjüjO Jfÿ\ • 

j3^.qJ 1 _j5* jjo <U5) jjjo ^LÜI û^Liül • 

djuuuJI ol jjüLJI Ijüjo ôJUI ù^LûJI • 




























































a c 

JL 2 4ûall cLuSJI 3 cLjjlûJI ^ j9t# oI Lo 


cPl9^ o^b-S oIqjllLü' . X / 

a = g jcîü j^JI JoyuuJI oJL> 

j_9^oJ <UjuuûJIj ^Jàjuü^ll^o t -VI l _^o Jo yj juü , ,-9 pujj^ j_9ju09 jSjjz lgÆ-QJ>j ^yJI <uù>jj| o^I æ oJI 

a z = g V a z = -g 


V z = gt + V ( 


Oz 


z — - gt 2 + v 0z t + z 0 


JÂjuü\) I J)J <\J>£X) O Z 


V z = -gt + v ( 


Oz 


, Z — — - gt 2 + V 0z t + Z 0 


5 ; CC> 3 Z) 0 Z 


vJ 15 j>L ^juuIIjJI Jo^iuJI .XII 

e M -> 

QjuuuLuuI j^JûJ jjuûJJ dlSj>^ll 0^9 f 

4£j.juuJI j^jjülS'LsjO L5)bûx>3 4J2 jl£jÛ£lII ol&jJuuJI ol^ QjJigj^JI fOlua^M! ,^9 f = kV IgïJüi 

dCjjuüJI ^j^JuoJ ^jjJ.S'LsZjO L5)1^juO_9 6jju£JI oie jjuuJI ol^ OjjuSJI jOLuuC>^)I <ÜL^> f — kv 2 [ÿJujj 
^IjjoJI gJloJI ps-o V_9 gJLoJLI <uxx>JI àlïSUI pf ôu> F A = —p f . Vg ^ju/x>jl b 


^ = A - BV" 

dt 


^LdLS' cuLoUill ^JjUooJI ^xîSj 


cuL^UJI oJ^IsjoJI 


Vi = ”f cLJUI àsyjjJL aCjjuuJI ïjoj 


P£ l/o~> ^jjOuujü At ~j^)j — a i V i+ 1 — Vj “I” A[At I_(jJ31 Juyj Sz j LuL ü jl > <uLz?LàJI iÜJ>Ls2uoJI 

. ^U>JI 


i^uuuJI ol 5 >JI .XIII 

àJlâîJI Jboo ^ iâjî 9 y> 

(0;x;y) i oJLsjoJI 1 _ ? ja>JLiuiJI jjül JûgüjuJI 

(O;*; y) (oJLsaJI ,_y9 iCjjuJI <>^<üo olül-x>l 
-* fV ox = V 0 cosa 
0 lV OY = V 0 sina 

(0; X) y) f aJLgjoJI £^LuaJI oLIa>I 

4?=-° 



r V* = V 0 cosa 
(V y = -gt + V 0 sina 
x = V 0 cosa. t + x 0 


g 


j$j£lbJ I jSjj> à£.jjjj [gàaXi l _ î oJI Ajuuo jJI il^LsizxJI 


! 1 o _ r . jQj^XfiJI Syo ololjol IgàaPo . jjJI cUluojJI aJjlsj^xJI 

[y = - 2 gt + V 0 sina. t + y 0 Jy ^ ^ " 


-g 


2 VqCos 2 <x 


-x 2 +tana.x OikiaJI J*oî üj.jlüJI <Ül> ^ jLuaJI aJ^Lszuo 


y = 


-g 


2 VqCos 2 <x 


x 2 +tana.x + y A AakiaJI JjuoÎ ^ üj.jlüJI Jj^lkül i)l> ^ jLuaJI aJ^Lszuo 














a c 

JL 2 4ûall cLuSJI 3 cLjjlûJI ^ j^t# oI Lo 


«UjûoLj jO^JLgj qS'Lujj^S* Jboo àj^.>juuLo ^lpjl 93 dS* j^ 

qS'Luüj^SJI JLxoJI d£*Lo E go F e = qE diS'Luj^SUI o^üJI 
(qS'Luüj^SJI JLxoJI <*9jJ^ ^jjo ÜjojoJI o^üJJ Joü 9 gj^iio di^judJI gj 15" lj>J ) a = ^jLujüdl i$>io 

p Lkü3 L OjxStiû djuOaûLuUUO as>j| G1-9 E djjlj^jjo Eq ÜjJjlJI de jjuuJI où l* bl 

djuoc^JLuu ôS jeül g 1-9 E go djjl^Lo jxO Vq djJjaJI de jjuuJI gû irbi 

^ juuui b Lâjo Jbu> ^9 djgjxûjüo <üu93 dS* j> 

( AjuuUUuk) llàjO Ô^üJ J OÂS Qûockj di>juüJI OÙ \S b| ) a = ^VAB £jLuJI 

djoJêjuuO djuOaiiuuüUO dSjeUI \^j\3 B gO djjl^ji/) Vq djuJuJl de JjuuJI CaJ ubi 

R =S^ doJêiLo djjjl3 dSj^ül g 1-9 B ^jJLe dj3£jcxe Eq djuJuJl dejjuuJI GulS* bl 

vvS'I^SJI 3 ixcLk^^l jLx 9 ^)I .XIV 

jJLuS* QjûI^S • 

(Xjüj^j , 5 A>| ^jJL1p)I ^e ojLe j^oB j^j-o jLuulo ^ juuuouuuJI ^sj5jjoJI ( oJLsuoJI ^9 J3^l G3**I^JI ^ 

^jjüüOuûüJ I jSjjO gO ^jlEXjuO 

OJuoJI jjjuiÂj djuuüLûjuo ob>Luuuo v^SJI jSjjûu ^jjuuouûüJI jSjjO iojjj vjjJI dgloaJI gjuuSu ^lîll û 3 ^LûJI ^ 


^SsSJi g>jI-^°JI j3^\ T 3 èJLiaUJ jjuuJI j 5 >joJI lâazüj 3 Gu^ — — K — etc gJLJI 03^1^1 ^ 

y 2 —> ^ _> 

cl = —H vSl = djjSjjo djuljL^ol gjLuuüJI dg^Lo 03^ < *jûJ^GoJI djjjljJI dSjeüJ djjuuuJL • 

ijjuuouûüJI J^> v^aSV^SJ djjljuoJI dS*j>JI • 


jSj-o 3 ujvS^SÜI jSj-o d9 LuuloJI r cip — u s p v^SJI j^*^l9 jSj-o gjLuuu ^ 

= lg.xCj.jjJ djoJêjuuQ djjjb ^jjlLOuüJI d5jj> ^ 

J 3 > djjljuJI dS'j^JI • 

ÜT;sat J3 > j3 -V ÇjLuuüdl d^>.Lo S 

l^iejjuu d^loiLo djjjb 3> ^eLkb^l jjo 9 d5j> 


I 5^ ^Lâjj^ll h £/> = - 


Gnij 

(R T +h) 2 


V = 


Gmj 

Rj+h 


T = 2ti — = 2Tt (rT+Z)3 

Gm T Gm T 


^SjIjuoJI j 3 jJI 


^9 ^jlej^ll s[3 ^^I ^ j 3-V. bl v_r*^jï -lê^>MjoJ djjuuuJL Lâ5^Luj LeL lL^jZ) 1 ljjo3 3-^f )i . ^ 

LgjiSj^ J33 (33 Laij. j 3 Ju ^.aIoqJ I Lq)j_ 9 ^j 0 jjiej^ll olj3-^ 
























jJI ÇjLuUüJI 

£^LulüJI 

iCjjuuJ 1 

«VjljJI 

iCjjuuJ 1 

<ukt>JI 

iS^ljJI J^juOS^I 

,^ji^jijoJ 1 

a _ d2 ° _ d ® 

W ” dt^ ” dt 

^UJI^Ldl a=f 

V 2 

^^joJ^ioJI ^jLuüüJI CLyi — — 

À _ de 
dt 

V = — 
dt 

0 = (OM 0 ; ÔM) 

S = MoM 


a c 

JL 2 oJuuJ! cLooSJI 3 cLjjLÔJI ^9 < k$jszj ol . ^p-ûj Lo 


vS^IjJI £jL*üJI 3 tS^üJI ^jx: £$ a > j > <ua5ÜI .XV 


S = R0 vS3ljJI ( _ r Ju>jooJI qju À$Usdl S 

V = r0 «L^ljJI iCjjuuJI 3 aCjjuuJI ,jju S 

cif = vO vS3 ^^ £ jLuüüJI 9 ^Ja^ül ç j LunjJI ^ju à9MsJI ^ 

a n = rG 2 «L^ljJI àc jjuJI 3 ^oJôjLJI £jLuüJI ^ is^LszJI S 

SJVf A (Fj) = J A ë ( <LSo püJI i&Lsül) ôLoLjJJ cLuuüU^I AS^laJI 


jolbjüL jjl2.LoJI 

fOJ^LuuoJI 


0 = cte =é 0 

0 = 0 

L-ÛJ_3-S2j 

0(t) = 0.t + 0 O 

0 = 0 O = cte 

Üj^IjJI <\Cj.jjj1} OjuuOjJI 0 J 3 U 2 . 0 JI 

0(t) = - 0. t 2 + 0 o t + 0 O 

0(t) = 0.t + 0 O 

^IjJI J^juOSMJ cjjuuOjJI cU^lsLûJI 


4j jü jüùoJI <u5sJkil5sxoJI olc^AXoJI .XVI 

kbuü^JI qjo <L9LbJî Lgj5' J .> cliuî cu^jùI^juoJI dc_9-xx!>joJI ^JoÀjuuuu ^1 LojuLc oLjjüjüJI Ol9^ û^^JI oLJüjüùoJI • 

ijlgj Lo ^Jj <L^_ 9 jo^jûJI v^jüjuû oITIS^I LlÔ ,^9 * 

JÛC vyjüjûLoJI LÂ99ix9 <jjOjJI iS^a^üJI gjuü^JI ,^/x9Ll olS'lSa^l 3^>9 JÛC • 

jSLLuJldJ I ùjlÿdl 

3^oJ^J I (Lodc b î • 

T jJ^JlII djjuüJ ^juuI ^J^juUU ^ V-QjlS2jwO 3^/X^ jollôj ^ 

v jujü û3-> &^5^> ^J| 3 5 5 ^. ■>!> ->5^> s?j3 3 ^ ^ 

\\\\\\Wwnn 



îium 


ÜJUdJ 



UJ'J 


LS^' 


X V 
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r> 

r> 



L uj'j^' 


î 




(jj-a (JjIjJ 


































a c 

JL 2 4ûall cLuSJI 3 cLjjlûJI ^ j^st# oI Lo 


^jSoüLSouO lyjüJüûo oLjuJü 4 juüIj3 


iûxuJj i^JJül^î 

ùjl$ 

JUI 

I3* 

v_i jü JüJ 1 

^K*JI 

^.klüJI f OuuUL>.JI 

,_JLJI (OuuucsJI 

JUJI 

v_JLa.ll ( OuuO>JI 
LJ Ij iaüjjoJ 1 

AC 3 a>oJI 
<LujJ)jXoJ 1 

0 vS^ljJI J 3 *o 9 ^ll 

0 33IJJI J 3 ju 09 \I| 

J 3 *o 9 \I| 

0 053IJJI 

X J 3 ju 09 \I| 

jl AÂjoJ 1 
JjOl^XjuüuoJ 1 
cLoJlSZjûJ 
cy ju ÂjuoJ 1 

ûjo J-C ùjt9-JI 
>f A (P) = —mglsind 
JookJI J3J0 / 
o_>*àjoJI oLÂjjüJI <Ül> (_y 9 
djuo 3 siné> = 0 jc?j 
M a (p) = -mgl.O 

<co 

o_>*àjoJI oLÂjjüJI i)L> ,_y 9 
dio 3 sin0 = 0 joo 
JV f A (p) = -mgOG.O 

JJI A^3^>0 

l^X>J£ 

M c = -C0 

JUI àùb C 

T = -kA/.ï 

.. —> 

<A^>jÛ0 1 O «Ç> 

Ch 0 

Oj LÜ1 v—1 
^.9 j-^.J 1 LU 

LU 1 

aljo'j^ll 039 

0 + ^0 

OjJlâ*aJI OljjüjüJI <Ul> ,_y 9 

0 + mgOG e 

Ja 

Oj*à*oJI oljÂjjüdl i)L> ^ 

ë + -e = o 

Ja 

x + -x = 0 

m 

0.J 3 Is^joJ 1 

<\j 1 x£> LfljJ 1 

--J? 

Img.OG 

M0 = j IA 

£ 

0 

II 

?"T«1 

II 

0 

3 

^bJi ^^oJi 

P 

CN 

II 

E^° 

r « " 

L^lu^ 

CN 

II 

r » = 

^bJI j3 jJI 

f ° = rJ 

1 Img.OG 

0 2 nyj J A 

ijfUs 

H l* 

11 

<*? 

II 

ak 



0(t) = 0 m . COS (—t + <p) e^ljJI J^juoS^I 30 ) jjiâLoJI bl <UjlojJI àbla/dl • 

T 0 

2ti 

X(t) = X m . COS (—t + <p) X v _yJLe>_>JI àblaxJI $5> _* 2 ioJI W «Ui-ojJI àbla/JI J> • 

To 

T e L ^isjù> oLJujudl £juJ 3 2+^! T e Lô)_)3^ «-/.XiJùloJI ( _yXc Ajl>jL> À££joSko y_jOjSü LoJùC (jJÛjJI OI'JJDUû 

OÂ5> l _yX)uuuù9 ,33*09 cLeuS oIjÀj jJU vJS^jw^LüJI gju^JI Jl>L uOLâJI _j 3 _xJI T 0 JoT 0 = T e 5 **Oj loJuLC 3 

OÛji\ OjJ&Uôj Ojü>UôJI 

iuslkJI jS> UâoJI .XVII 

W a _^ b (f) = F. AB = F. AB. cos(F, AB) i>ljj ^9 s JLo ,ouujj> «iiakLo <ülLî 03s Jü S 

W(F,) = jVf A (Fj). A0 Ojb J 3 - > oLa 9^ vJLî <b*bjO OjLï lgx>__^C 639 Jojüj ^ 

o_pùaJI oIj 3 jJI n c**> A0 = 2tt. n ùLj3jJI A>3 U ^ 

W(P) A -^b = - Z B ) = +mgh ,*^1 OJ3 ^ 

i*S>)l iSlkJI iUS )^0 ^ 































JJI 


w a _ b (f) = \c{Q\ - ei) Ji\ J^u 

Epe = ^C. 0 2 + C ^JUI £^ 03)1 islk» 

E Pe = “/a- 0 2 «LS’jJàJI ^SliaJI 

E m = E c + E Pe + E PP cu^jû 1^.juoJ 1 À9lbdl 

"T 

W a _b(f) = \k(X\ - X 2 ) aIjj^I 633 

E Pe = ^k.x 2 + C ijjjoül £^>11 islk» 
Ep e = ~ tu. v 2 ojl^jJÜI isLkJI 

E m = E c + E Pe + E PP cu^jû L^.juoJ 1 isLbJl 

"T 


a c 

JL 2 4ûall cLuSJI 3 cLjjlûJI ^ j^st# oI Lo 


.(^jJLc^)I <\ 2 ?£jd OZ j^^joJI jUcL ) E PP — mgZ H - C dxJLoil ^p^JI Ü..9Uo ^ 

. <US£3>jjûJI <ÜL>JL ^cJLs2ju <Xxj Ij O 


(üjlsill oJb> À 9 lbJ <*jszz> jjoJI àJbül jLücL ) oj[sJI jjjjI^jJI 

<uS^IS1juoJI islkül 

Jl^O Qj.jSLl£x\\ oLjüjûJ ^ajuJjJL 


E m = E c + E Pe = -/ A . 0 2 + mg. 0G(1 - cos0) 


i, a 2 . — e 2 


E m = -/ A -0 +mg.OG-Y 


E m = cte 


E m (0 = 0 max ) = mg.OG. 


û2 

Q max 


E m (0 = Ômax ) = ô/a- 9 m 


Ul<o âJLcx^o olSlSo^l Où 15" bl 


ljj£jû Jjü 1 ^ju 0 3 ÔjjJI .XVIII 


C/LaSLo ûjjJ ÀdLkJI OL^Luulo 


o Lo^.^0 o o l_j àU LbJ I o ^ 

olaSLo Lgj I iJL^Lo jjlC À 9 IL 3 13 oljuj.<ül_9 oljjJI <jjo ^5 i9 \io ^ 

U Ô 33 jj \j£j£S ^L^üjoI 3 I Ol-£-uI jûùû ,^jJ| ûjjJI JLûjül JûC 


h c 


|AE| = |E P -E n |=h.u pn =^ 


n = 1 Luj^I I ^s^jûuüuoJI ^ 
n = 2 Jj^ll jIajoJI ^^.jûuuuoJI ^ 

n = OO ^jjljJI ^J^LuUUO ^ 

£Ü2juu ^Jjûoü IgJuO ôJl 3>[9 ol (Jj-û oLs^^ll d>Lbl oIaû^II LftJo 

^jjJI O le I^JUÜ y I ) O IcUluAI I LS2j l^j l9 <XxjJ£> ^ ï Ûj3 ^Jj^Lûo L.QjlE) J^AjJLulu JulC y^L^jûo^l I LftjJo 

( LS'b L^5^k>9-jO j^lLbb) ^j^XjüOuoJI £l^üü>)| ÎÎju^aZaJ I OJüuüJI ^jZXû3^jul9 ( J ^j^jOup 
















a c 

idJL 2 4jlujJI cluOuSJI cLjjLÔJI , <K$jS2j ûl t j-Sxiu Lo 



jOul 


SJI 


JjlS"jJI^ o^loJI <u/xT 'jjSjû 

n = ^ ^LdlS” <jü\>L> ,ûjuuù> «ÜLS - ^ iS^Lsdl • 

C = ^ \_plo J^Jb^oJU CJ^i\jSjA\ • 

j x ] = n(X) ^L, J^Jb^JI J) X^LooS - JkÀJI • 

V s 

C m = — \xD*iS (JjiiJI y$jù I • 

ÜjoLS) Ü^^oJjO 

Ou> C(x) = (%m) -^ Peau ' t/ JU15" J5U0JI v llo X ^LooS- ^ iSjbo J^buJ wJl 

3 cLoJÜ àjuoooJI iJbîSJI p eau 3 X ^pLouiSÜI ç^jüü àJc^oJI oJbcSÜI M 3 J^JbjoJI ,oo> V3 J3I00JI isliS* d 

X Ljoo^J I £9jJJ iJxiJI àj^LoJI djjuuüJI (%m) 


4 juJ£üJ I I 3 ^^jjjuüJ I 0^9 -^aJ I 


JljJOl”ÛJuuaSl ^JcIûj ,QjJclfijûo ^jjj J->Llo JLûJül <ÜMo OJOj «JSJJI JcLûjdl ^jjOuuuü ^ 

Rcrf -> Ox + n.e J-9^11 ,^jJLc joI _9 û 3 j—^jLjuoul^ jV Jj^j^joJI ^ 

Ox + n.c i ^ Rc d Ji^l ,^jJLc jo l_9 ü3j“*^l <*jI£jo|j ,^LjLûa5^ ,jluj5^./xJI ^ 

Uôol ic^joooJI j$kü I j| Ls^^juü J^oJI ù^SLi. ^ 
193 91 oLeL juu ^JLbju LJ^b ic^joooJI j_9o^ I j j Llx^u I ^ 

LoLI t a. 1 loX/ Ijo Lku ic^joooJI jf )toï ^jl5" 131 Ijo Llx^u ijj^j ^ 

is-^ 3 o^Le LûjùoJ I jjiS^l^j ûj IjoJ I <ioj 3) ijy LuoaSU I ic_9.j0o.j0J I iCjjuu jxàj j Ijlûjo ^^jSjoJ I JjoI sd I ^ 

( <-S>î 


^yjljuPaS* J_5^jd ( _ f LojJI jjüJ I 

LuOülS" J 9 OJ gjjüj iLoO-jÛuULCX JI^JûJI • 

cuLo^j) 03 J^JbwJI cÜL^jI^o G ôa> G = k.a = kX^ X j[ x i] àJLol^xJI ^jjjLs cLuLjjiidl JjjJaJI S 

Xj [xj] 3 Xj 03^^ &j)j&£Ai\ À X j cuk^JI üiU k_j 

kuUJI 


jû^O^JI ^jjjLS pH (jjjLS 


HA^A~+H + A~ 


H + 


ÔjjIaaII . <Xtj LuOa^-J I JjjJûJI ^ / 

V(t)-i|jUJ Jetai 

X 

X = 1^x9 ^uoj ûJuo ti/ JclûjJI lÀaCj 

ijjuOjuO vj/JOj v^JI àju LoulSJ I 0^90x11 
elbcl ^^j-Le _j^L 9 v __plJuouLS , ^ 9 ^ Xùlxj^jj v-ajuuo ^_jCjooJI • 


















a c 

JL 2 4ûall cLuSJI 3 cLjjlûJI ^ j^st# o I Lo 


B “I" ^ BH + BH + '-•'bujü5 , l ^j-l£ l _^jLjoa5' ^ 9 ^ Km }3 xûIaj^^jj ^uujl> - ojlcLûJI * 

HA/A~ ojLSÜL l^J jjojJ o-xclS-,_/aA> i> 3 ->jjoJI • 
HAi/Aï c&$>jjoJ HA t fÿxa> yju H + oU^j+JI J^L; ocLîl oj*j. Jclé; $S) oacL9 ^jo. a> JcU; • 

HA 2 /A 2 ^SjJ>î <L>3^joJy42 0AcLnJl3 


HAi + A 2 ^ A 1 + HA 2 «Üjuû>JI ÀblaoJI 


H AJ A~ x <=> H Ai ^A^+H + 
HA 2 /A 2 ^A 2 +H + ^ ha 2 


: pH p$ÿu> 


pH = -log[H 3 0 + ] » Jtscko J^Jbtx) p H 

[H 3 0 + ] = 10~P H pH Üxu9 J)L> OJO ob^jj ^'_ÿ 

[// 3 o+r p h 

* f = X max JKJI Js>A\ 

X f <X max J^JI^JI Js>A\ 

X f 

J^J^jJI \L)$S^l T = 1 vj 15" 131 T = - ^JlgJI ^AüJI djjuüü 

" Xmax 


ùj!*" wk = <?„„ = {g|| 


àjJ LuouiS' dCÿAXo ùj|$j àJl> 

> Ls2j0 LuOuS' Je Lôj • 

Qreq V JelûjJI JjO_^J <LuLouiS^ <X£-£joS*uo \Jjj \$j àJl>* • 


rri c rni d 

Q r = b -vîUjc> Q r <\ijjûjj clA + b B ^ cC dD . <x.x} 3 Ulo LuoulS^ JcIûj ^jb> 

[AJ .[BJ 


Qreq — K ûjl^j ^ dC^txXoJ I Lo.XjLC 

jO-XfljJI dfuuü ^Je o jjoJ^joJI JjoUJI 


6.^ oj I_ 9 .lI I ÜJ L) caJ ir LoiS' o jjuS^ t o_9^j ■ Je LôjJU /C oj [ÿJ I àü L • 

Iàà>jo J^JbjoJI Lois* ôjjuS* t û5^' :<ÜclàioJI àe^/ouxJU àjJjJI oJleül • 

^Lo J^Jb^o ^ ôjsï\S-Jûjd>> o^lelâJL à^jiLoJI oVs>i)l 

H 2 0 + H 2 0 ^ H 3 0 + + H0“ : cloJU ^UJI ^^1 JJbdl • 

25°C oj/jsJ/d2jjMcK e = [H 3 0 + ].[H0“] = 10“ 14 : cloJU ^))\ cLbJI • 

pK e = —logK e Jjolsjûuuu ULœ • 

ÜjuLoJI JJL^joJÜ p H ( oJLuü • 


pH<i K f 
,[H 3 0 + ] » [HO - ] 


pH= Hp 
[H 3 0 + ] = [HO - ] 


f PH>^ 

l[H 3 0 + ] « [HO - ] 

\ÔJS^\S-Jûjcy> <c>33JjoJ cLu^locJI àiülî 


K a = -r —t-! vî!ax> cujw^lo^üI ajûLî ^jouuuu Ka ^jqLu A/B ojlcL9 ^Jælqs> <i^>^3jjo JS^ jjuoûü 

[ A aq\ 

r^i 

pH = pK A + log— pH$ Ka <u*£loaJI ülUI ^ «üs^Udl 


l Uaq) 


+ B 


2 (aq) 


OJlC l9- i _^L0.> Jclfijù ii_9jjjjoJI ûj|9^l Âïflî 

^l(aqi) + -^2(aqr) 3 A-l/Bl ÛACl9- ,>aA> Jclio' 














a c 

JL 2 4ûall cLuSJI 3 cLjjlûJI ^ j^st# o I Lo 


[^l]aq-[^2]aq _ 

[^l]aq-[^2]aq ^a 2 


( 


A 1 /B 1 



„ _ [ B l«<?] [" 3 0 + a ? ] 

A ‘ = k,i 

„ _ [ B 2 a(? ].[»30 + a9 ] 

Kaz = k,l 


^Lo J^JbjO ^jfS ÛJlCÜ 3 I J}$jSLO jxt jjSjj Ju JOj : ÔjjUloJI 


Lu Lfljü I 3 LJ5" 3 Ls2j_^juU 6 jj LsjûJ I Iflj I v„A<0 ^ 

C A V A = C B V B islSoJI à9^£ ✓ 

iijl^LûJI oLuüLûuûJI «Xfljjbk jjlc ^LoûlC^L 39 IS 0 JI <x\osù 3Jl>j ^ 
4j0u9 pJ&j 03 ^°^ ^ Lfljuü ISJI u9 ilog j I A fl loi/) (j 3 ^“' O-jpO àj^JLoJ I L-ÔjuU I 5 SÜ I ^JLc 3 LoÙlC^I Li 3 S) iSud I dklflj 3 JCO ^ 

^SlSoJI jû£ kül>}\ pH 


àjjLûaS <X&£joS<X) J$foj v _j^juO 

Ci A + (3 B ^ yC + AD ^JlflJLJI jLsjo 

0^1 L> ô^- JjuOÛ 3 K ^ Q r Ouob Lo ic^jûj^joJI j^kiL' 
ûjlÿ àJb> ^ iC3^>joJI j^kü' vSM £a^ô' K = Q r • 

D3 0 0(3^ Qr i “VLp vS^ 3 ^- vS-^dl jjûuLf/xJI ^j^JuoJI ^9 j3-küj ^ * 

B 3 A 03 ^ j-ûjLijoJI j+sJI j^j^juoJI j 3 -kbj <i^ 3 jOL <boJ I R < Q r • 

Red 1 Ox 1 + ti^c cu.3^1 ojuuuS^I üAXi( v^LuuJI ^ktflJI) 33^! j[3^ * 

Ox 2 + n 2 e“ ^ Red 2 ^ISJI JIji>^)I «ôjco ( v j> 3 xJI v-JaüJI) 33 JISUI jl 3 >j • 
n 2 Red 1 + 71^X2 ^ n 2 0 Xi + n 1 Red 2 v^iSj ^LoulS3j^SÜI àJLun>JI • 


Qmax = F n(e ). 3 Î Q max = IAt max 33^ <JJo ^ Lô)jj^ oSLa/xJI ^ 3^1 cL^SÜI iaxS' • 
v S 3 l _>9 ' 6 üj\j F = 9650C/mo/ 3 Ü3L10JI ob 3 jiSÜ^)l 03L0 <LjoS n(e ~) £0 


^jjuuifiJI cJjpJ I 

,^4 LflljJ I ^j^juoJÜ ^jju. 5 ”LfljoJ I ^j^JuoJ I ^3 j3 IoaV djJ LuqulT d^30L>joJ J330' 30) Lj^SÜ I JJbüJ I 

Red ± ^ Ox x + r^e - JjJlXoJÜ i»33J^I ôjuuulS^II C/AXi( v-a3>3joJI v-JaüJI) 33/^1 jl3<o 


Ox 2 + n 2 e ^ i?ed 2 juuulS3aJÜ ^533^1^1 JIjJl>^II joj( v-JLuJI v-JaüJI) 33 j 15 ÜI jl3>u • 

Lj-^SÜ I JJ^d I Jj 0 l 2 Luul» • 
.oljiàJI j3jo juJlsJI cuüju 3 ^ 

O23 CI23 H2 : JjuO oljlâJI fJOSLi jij£l>j S 

Ifl) jjlC 3 üLlflJI 0JuaC^l3 oljLuuuJI oLjkb q.^jûu Û3lcl ^ 

ûLI ! (Lola) dk> 3 >JLo • 

v_aJLuuJI v-AoûJI 3û> âjLflJbdl o^ 3 ^dI ^3 ^i>3°dI 135) cjjjjuuifiJI 0^3^^^ 33-i^l 

v_a<3joJI v_>kiflJ I 30» <Xu LflljJ I o^3>jJI 3 v-aJLuuJI I 3fl) <b^juaflJI o^ 33 ^jJI 33JISJI 













a c 

JL 2 4ûall cLuSJI 3 cLjjlûJI ^ jjt# o I ^gjJü Lo 


c c 

oLoJbül^ ûjjüujyi o^LeLôj 

^ ^jjL^b JeLôj OjjûuuMl JeLôj 

àoLÜl àJbdl ^9 ibl^oJI Jêjî Jj^^Sj) _9 l/^ 0 ^ CH^ J-^Lôj O"^ jJûuuMI ^jüû 



-•-.R’-Op/ 

R - çr-O — R* H-jO 

II 

O 


O 

!*-<£**" 

' s '^> 

■*• IV—OU 

—*. /?— P'— — R' -+- H-.O 

11 3 

O ,1 *- \-o 


âjJLSÜÎ j$x> R' 3 R 

cjlJjLsjo JeLôj 3 ûjjûuj^ll JeLôjJ ^jjülS"Lslo Je Lôj oLoJbdl Je Lôj 


tf-c-o 

ii 

O 




+ * a o 


—» 


>L*rtl 


C L«ui 






K = 


[RCOOtfljHjO],, 


[RCOOH] eq {R'OH] iq 


à9M*2JL LgiC jj£ZJ m K ùjlÿdl ^üLu jjuOu ûLoJ^ “ ôjjjuül ^LoaSJI ùjbïJI 


uaj[ juo ^jLî ùjl^l àjûlî i.jfS jLüeMI (j*pj cloJI jc>L ôJ^^>JLo 

àj^xosô I 63 L 0 JI ÔjucxS* n exp( es ter) Luj^j [g Je Jjzx^joJI jjüuuMI coLo <xxoS ojJluAJI Je Lôj jjjjjo 

r = n^esteO ^ J -^ a ^ JI ^ aJI n tft (ester) 

^ J | J^^SJ I ^jjo j^jjjoJI {j&S Lüû viUe> JjûlsüjuuloJ I J_9-j^.J I làâa o.j oLoJbül^ ôjjjuuM I o Me Lôj jjjjjo ^JLslû 

^Mi)l Js^SUI 



Jc-liÜ! 

(JâVI djâjj ^Nfcl a\\ JLaxlujj Y 

4jj£j fUjj JauJjil (JA Al\Ji y/ 

;lj JpliÜI j-uj JlJjJ 

^liÜI jauijil ôjIja AajJ ^âj ^ 

JUa JLaxÜujI 


R— C 


R— C 


\ 
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